Link to record in KAR
Introduction
Animal translocations are usually carried out for one of three reasons -(1) to solve human-animal conflicts; (2) to supplement game populations; and (3) for conservation purposes (Fischer and Lindenmayer, 2000) . Conservation translocations are those exercises that have the specific aim of establishing new populations of animals or plants with a view to enhancing their local, regional or national status. Most often, such translocations take the form of reintroductions of species into areas within the historical range from which they have become extinct. Since poorly designed or executed translocations can actually pose a risk to biodiversity (e.g. Conant, 1988; Cunningham 1996; Hodder and Bullock, 1997) , there are now standard protocols for undertaking such work (e.g. IUCN, 1995; JNCC, 2003) . A further type of translocation involves removing individual animals or plants from sites that are scheduled for development. In terms of execution, such ÔrescueÕ translocations have much in common with those carried out to resolve human-animal conflicts (e.g. Craven et al., 1998) . Generic protocols for such activities are much less well developed, as they are reactive actions driven by development pressures rather than by proactive conservation priorities. Moreover, the legislative framework that regulates such actions often places more emphasis on the protection of individual organisms than wider biodiversity issues (Harrop, 1999) .
In their literature review of animal translocations, the number involving amphibians, reptiles or invertebrates comprised just 7% (n = 12) of the total number of case studies (Fischer and Lindenmayer, 2000) . Indeed, as far as amphibians are concerned, there have been arguments both for (Bloxam and Tonge, 1995; Marsh and Trenham, 2001 ) and against (Seigel and Dodd, 2002) using these animals in translocation and reintroduction programmes. However, one species that is increasingly subject to translocations in England is the great crested newt (Triturus cristatus). Although this species is widely distributed across north-west Europe (Griffiths, 1996) , it is declining in many countries within its natural range and in Britain is strictly protected under the Wildlife and Countryside Act 1981 and the Conservation (Natural Habitats &c) Regulations 1994. As the species is widespread in England it frequently occurs on land threatened by development, and so is often the subject of conflicts between development and conservation. In order to meet legal requirements, if development proceeds a mitigation plan is normally implemented to reduce damaging impacts on the newts. Typically, such mitigation involves the capture and exclusion of newts, and their relocation to areas that have been subject to habitat creation, enhancement or restoration. The relocation areas may be either in situ (i.e. within or adjacent to the area of development), or ex situ (i.e. an area not linked to the development site). Such work can only be done under licence from the appropriate government authority.
As information about individual mitigation case studies is usually confined to licence returns and reports by ecological consultants to their clients, there are only a few published case studies of these activities (e.g. Gent and Bray, 1994; Cooke, 1997 Cooke, , 2001 Green, 2000; Oldham and Humphries, 2000) . Oldham et al. (1991) collated information from 64 great crested newt translocations carried out between 1970 and 1990. Their study revealed that great crested newts had been released into existing populations as well as new sites over this period, and they concluded that their data did not provide conclusive evidence of the success or failure of translocation. A further (unpublished) study by May (1996) collated data on great crested newt translocations between 1990 and 1994. As Oldham et al. (1991) also observed, the procedures used and the degree of monitoring varied considerably between projects, although there was evidence of breeding in some 61% of sites that were monitored post-translocation. Oldham and Humphries (2000) collated data from the two earlier reviews, resulting in a pooled data set of 178 translocations. They concluded that 37% were ÔsuccessfulÕ (at least on the liberal criterion of the presence of a population one year after the translocation), and 10% were ÔunsuccessfulÕ. However, 31% of projects were not monitored at all and there were no data available for a further 12% of projects (Oldham and Humphries, 2000) .
These earlier reviews considered translocations in the broad sense, and many projects examined were simple relocation of animals from one site to another (e.g. introductions to garden ponds) with no other measures such as habitat creation. The current study specifically examined projects instigated in response to development threats. In addition to gathering data on the fate of newt populations, it is also important to know whether translocation activities have been accompanied by any gains or losses of newt habitat, as well as the effort and costs involved. The current project addressed these issues using two approaches: (1) by collating information held by the British Government licensing authorities; and (2) by using a questionnaire to obtain more detailed information on a large sample of mitigation projects carried out between 1990 and 2001.
Materials and methods

Sampling of the great crested newt licence database
Information about great crested newt mitigation projects was obtained from the following sources: (1) English Nature licensing files for the period 1990-2000, which contained hard copies of licence applications and mitigation project proposals, licences issued, licence returns and subsequent reports; (2) a database of English Nature licences issued from 1997 to 1999 (including some from up to March 2000); (3) files and hard copies of data obtained during a previous assessment of great crested newt mitigation by May (1996) ; and (4) the Department of the Environment, Food and Rural Affairs licensing files for the period 2000-2001 (Defra; the Government department that issued mitigation licences from March 2000), which contained annual licence tracking sheets, copies of licences issued, licence returns and mitigation reports. The complete data set therefore embraced the period from 1990 to 2001. For the purposes of this study we adopted the definition of translocation used by the Joint Nature Conservation Committee (JNCC, 2003)-Ôthe transfer by human agency of any organism(s) from one place to anotherÕ. Licensing and other information was first checked to confirm that great crested newts had in fact been translocated for a development mitigation project, rather than as part of some temporary disturbance, such as conservation management work, or for a simple introduction attempt to a garden pond. In addition, licences were cross-referenced to determine whether those issued in subsequent yearsor to different ecological consultants -had been for the same mitigation project. The following information was then collated from the various sources of information: (1) mitigation project name, location, development dates and details of all licences issued; (2) the type of development requiring mitigation; (3) the type of mitigation carried out, i.e. whether an in situ or ex situ translocation of newts was performed; (4) the numbers and stages of newts actually translocated; (5) details of any post-mitigation monitoring.
Questionnaire sampling of great crested newt mitigation projects
As the information contained with the licence returns varied in detail, a number of mitigation projects were selected for more detailed analysis by questionnaire analysis. Because of the variability in the quality of information already on file, the uneven distribution of mitigation projects over time, and the fact that over half of all mitigation studies had been conducted by only 22 consultants, random sampling was considered to be inappropriate. Instead, projects were selected on the basis of the quality of data already available while aiming for as even a spread as possible across the timeframe sampled. An additional constraint was not to send more than five questionnaires to any one consultant. This resulted in a total of 153 projects being selected for the questionnaire survey. The questionnaire sought more detailed information on the type of development; predevelopment assessment of the newt populations and the aquatic and terrestrial habitat affected; details of methods used to capture newts and the number of newts translocated; details of the receptor site and any habitat enhancement, management or creation; post-development monitoring; problems encountered before, during and after the mitigation. In situ receptor sites were defined as those sites managed for great crested newts that are less than 500 m from the original development site and not separated by any major newt dispersal barriers; ex situ receptor sites were defined as those sites that received newts that were greater than 500 m from the original development site or separated from the original site by a major dispersal barrier (e.g. major road).
The final version of the questionnaire was drafted following feedback from a pilot survey of 10 experienced ecological consultants and other conservation organisations involved with mitigation.
Results
Great crested newt licence database
A total of 737 great crested newt licence files were examined. English Nature issued 427 of these licences during the period 1990-2000, with the remaining 310 subsequently being issued by Defra (or its immediate predecessor, DETR) in 2000 and 2001. A total of 649 of these licences, issued to 164 individuals and ecological consultancies, collectively cover 345 great crested newt mitigation projects started between 1990 and 2001. Another 50 licences were issued for projects, such as pond maintenance, by conservation bodies that are not considered to be mitigation work as defined by this study. In addition, licences were sometimes cancelled almost immediately due to necessary project amendments, some remained unused altogether due to various work delays and cancellations, while others were variously revoked or otherwise not required -these account for a further 38 licences.
Although providing a report on the work carried out is a condition of licence issue, there were no reports on file for over half of the licences issued between 1990 and 2001. Even excluding mitigation studies started after 1999 that may not yet be completed, the return rate appeared to be just 45%. Consequently, it is not known how many newts were translocated, if mitigation proceeded as proposed in the licence application, or even if the project had taken place at all for the majority of licences issued.
There has been a clear increase in the number of great crested newt mitigation projects started each year from less than 20 in the early 1990s to over 80 a year towards the end of 2000 (Table 1 ). The number of licences issued exceeds the number of projects, as many projects lasted more than one year and required ongoing licences. Although over 70% of projects involved in situ rather than ex situ translocation over the entire study period, comparing the periods 1990-1995 and 1996-2001 , revealed a significant shift away from ex situ translocation to in situ translocation over time (v 2 =6.8, df=1, P < 0.01).
Questionnaire returns
Of the 153 questionnaires circulated to 114 individuals, 84 were returned by 62 individuals, representing a response rate of 55%. However, three questionnaires were returned with zero information, and a further nine questionnaires contained such little information that they were also discounted. The final number of projects analysed from the questionnaire survey therefore represented 72 mitigation projects. As these comprised some 17 projects carried out from 1990 to 1997 and 55 projects carried out from 1998 to 2001, more data were available for projects carried out in later than earlier years.
Mitigation work effort
The mean duration of mitigation projects -as defined by the time between first and last licensing -was 1.8 ± 1.16 years (mean ± SD). Projects started in 2000 or 2001 were excluded from this analysis, but a comparison of the periods 1990-1994 and 1995-1999 revealed no significant differences in the duration of mitigation projects (Mann-Whitney U test: U = 3526, n 1 = 48, n 2 =126, z = 1.69, P > 0.05). In terms of overall time spent on mitigation activities (including general administration, planning, execution and reporting), 59% of projects spent up to 80 days on mitigation work, and a further 26% of projects up to 240 days. Assuming project management fees are about £300 per day and other elements of mitigation work are charged at £150 per day by consultants (based on quotes from consultants seen by English Nature officers), the cost of a mitigation project can vary from about £1350 for a project lasting just a few days to well over £100,000 for projects involving hundreds of days of work over several years. The average cost of a mitigation project would be in the region of £15,000-£20,000, not including plant hire and equipment costs. Based on the number of projects currently being licensed (Table 1) , this translates into about £1.5 million per year being spent on great crested newt mitigation projects in England.
Over half of all mitigation work was focused on building developments, including both residential and commercial developments. The remainder were roughly evenly distributed between developments associated with mineral extraction, transport and pipelines. All other types of development, including those associated with sports and recreation development, collectively accounted for less than 20% of projects.
Numbers of newts translocated
Questionnaire responses based on 72 projects showed that prior to translocation, the status of newts was determined at all sites by the use of pre-existing records and/ or a specially commissioned survey. Although a variety of methods was used in the surveys, the vast majority of surveys just established presence or absence, or used a simple counting method. Only one project out of 72 attempted a detailed population estimate of the number of newts actually present.
Information about the numbers of newts translocated was available for 139 projects in the licence database, and this includes all those in the questionnaire sample. As the licence database did not always contain clear information about the stage of newts translocated, the data shown represent post-metamorphic newts only (i.e. fully transformed aquatic or terrestrial juveniles, immatures or adults). Although the number of newts translocated per project was highly variable, there was a general trend for the numbers relocated to decline over time (Table 2) . Indeed, the mean number of newts relocated per project between 1990 and 1994 declined from an average of about 358 to one of 172 newts from 1995 to 2001, and this difference was significant (t = 2.6, df=137, P < 0.01). As there is no legal requirement to determine the actual population size prior to development it is not known what proportions of the populations were actually translocated.
The numbers of newts translocated per project were positively related to (1) total areas of great crested newt habitat destroyed (r s = 0.59, n = 41, P < 0.001); number of capture methods used (r s = 0.54, n = 64, P < 0.001); number of days spent capturing newts (r s = 0.47, n = 56, P < 0.001) and number of days spent on the entire mitigation project (r s = 0.54, n = 25, P < 0.01). 
Effects on aquatic and terrestrial habitat
Based on the questionnaire responses, the area of great crested newt habitat destroyed during the development averaged 27%. In the case of linear developments, such as pipeline installation, the area of a habitat lost was lower at 9% of the total area.
As development sites contained ponds where the presence of great crested newts had not been confirmed -as well as other ponds where great crested newts were known to be present -data on the fate of ponds were analysed separately in these two categories. When all ponds on development sites are considered, about half were destroyed during the course of development (Table 3 ). In fact, the proportion lost to development is exactly the same when only confirmed great crested newt ponds are considered. Consequently, under half of the original ponds on the sites were retained or improved during the mitigation projects. In terms of the areas of water lost per site, developments resulted in a 72% loss of aquatic habitat when Ôall pondsÕ are considered, and a 30% loss of aquatic habitat when just Ôconfirmed great crested newt pondsÕ are considered. In terms of the new ponds that were created as part of the mitigation, neither the number of new ponds, nor the overall surface area of ÔExclusion onlyÕ refers to projects where newts were prevented from wandering on to the development site by fencing, rather than being physically relocated. water created, compensated for the corresponding values for Ôall pondsÕ lost (Table 3) . Although the number of new ponds created did exceed the number of confirmed great crested newt ponds lost, there was still a net loss of aquatic habitat when water surface area in these two categories is compared. As most mitigation projects do not involve detailed assessments of different habitat types adjacent to ponds, it was not possible to obtain data on areas of habitat gained or lost.
Post-development monitoring of newt populations
Out of 72 projects for which this information was available, 35 (49%) included an agreed post-development monitoring period. There were 26 (36%) projects where newts were translocated but monitoring was not done, and a further seven projects where little or no information was provided. Various methods were used for post-development monitoring, although counts by torchlight and egg searches were the most frequently used methods. Equally, results from post-development monitoring were provided in varying degrees of detail, making meaningful comparisons with pre-development surveys and the numbers of newts translocated problematical. Most ponds were monitored for two years or less (Table  4) . Although it is clear that great crested newts were observed in ponds post-development, on the basis of current data it is not possible to determine how the populations pre-and post-development compared in size; whether sustainable populations were established; or whether the newts observed represent translocated newts or those that colonized the ponds naturally from elsewhere.
Discussion
Since 1990 there has been an almost exponential growth in the number of mitigation projects involving great crested newts in England. Over the survey period there was a general trend towards fewer newts being translocated per project, and the number of ex situ translocations declined in relation to the number of in situ translocations. This pattern probably arose for several inter-related reasons. Firstly, increasing survey effort and improved understanding of survey methods has led to more populations being detected, including many smaller ones. Secondly, awareness of protected species issues has greatly improved among authorities involved in land use planning decisions. This has meant that although the authorities are being alerted to more cases of newt-development conflict, major impacts on newt populations are more frequently Ôdesigned outÕ at the development planning stage. Consequently, there has been a general trend away from wholesale population translocations, towards maintaining the population within -or adjacent to -the development site. In such cases, the need to translocate a large proportion of the population is reduced.
There are several reasons why in situ translocations may be more appropriate than ex situ translocations for great crested newts. Newts may become disoriented when moved outside their home ranges, or may attempt to return to their original pond. For example, Oldham and Humphries (2000) found that up to 70% of translocated great crested newts attempted to return to their native pond. Homing newts managed to find ponds 500 m from the release site, but none managed to return to home ponds 900 m away. On the other side of the coin, in situ projects are not entirely problem-free. Although maintaining a great crested newt population close to a housing development can have a positive educational value, some respondents to the present survey commented on the risks posed to the population by disturbance, vandalism and other public access effects.
Large-scale and well-planned projects tend to result in larger numbers of newts being translocated. This does not necessarily mean that better organised projects are more ÔsuccessfulÕ, as proportionally more effort is needed on projects that embrace larger areas or more newt habitat. In a questionnaire survey of translocation practitioners, Reading et al. (1997) found that perceived ÔsuccessÕ was not clearly related to organisational infrastructure, although projects regarded as failures seemed to be less well organized than those regarded as successes. What is much less clear is how the numbers of newts counted both pre-and post-development -as well as the numbers of newts actually translocated -relate to the actual population sizes present. Only one project in our survey attempted to estimate the actual population size. As Schmidt (2003) points out, even if they are standardized, simple counts of amphibians may bear little relationship to actual population sizes because they do not take account of detection probabilities, which vary spatially and temporally. Recent guidelines issued to developers to assist them with conforming to the legislation point out that it is not normally necessary to determine the actual population size, and that an estimate of Ôpopulation size classÕ (i.e. ÔsmallÕ, medium or ÔlargeÕ) based on simple counts can give an indication of the importance of a site providing it is combined with other measures of habitat quality and quantity (English Nature, 2001 ). Actual population sizes may therefore not always be needed to arrive at conservation assessments, but care is still needed when making comparisons between different sites and between the same site at different times. Moreover, from an ecological viewpoint measuring actual population sizes may be desirable, and can only be ascertained through long-term population studies (Dodd and Seigel, 1991) . Even though it is encouraging that an increasing proportion of great crested newt mitigation projects attempted to maintain existing populations in situ, this was accompanied by a net loss of aquatic and terrestrial habitat. Overall, about half of the ponds that exist on development sites were destroyed. Although the number of new ponds constructed appeared to compensate for the number of known great crested newt ponds lost, new ponds were usually much smaller than those destroyed and data are lacking on how well they have been colonized by newts. Moreover, the creation of smaller ponds did not compensate for the total area of great crested newt aquatic habitat lost to development. Similarly, on average about 27% of newt terrestrial habitat was destroyed during the developments. Although remaining habitat was often enhanced through the provision of refugia and planting of trees, shrubs and grassland, it is unclear how the newt populations responded to such management. Clearly, more data are needed on whether viable great crested newt populations can be maintained within the smaller patches of habitat that are made available for them post-mitigation. Some 36% of projects that translocated great crested newts were not monitored at all post-development. This is similar to the figure of 31% quoted by Oldham and Humphries (2000) for all projects carried out between 1982 and 1995. Using their minimal criterion of ÔsuccessÕ as at least one newt observed at the receptor site one year following translocation, some 25% of projects comparable to those surveyed here (i.e. not including garden ponds) were ÔsuccessfulÕ over the same period (Oldham and Humphries, 2000) . However, using the same criterion of ÔsuccessÕ appeared to increase over time, with just 12% of projects successful from 1982 to 1990, and 92% successful from 1991 to 1995. For those projects that were monitored in the present survey, adult newts were observed at 87.5% of sites one year after the translocation, and there was evidence of breeding in 56%. Only three sites were monitored for a period of five years but adult newts and evidence of breeding was observed at all three after this time. Although a relatively high proportion of receptor sites therefore contained breeding great crested newts one or more years post-translocation, these results need treating with caution. As population sizes were not estimated, it is not possible to determine whether the translocated populations -or indeed any in situ populations that remain post-development -represent viable populations that are sustainable in the long-term. Moreover, as it is possible that newts may have colonized many of the receptor sites naturally, it is difficult to distinguish between the effects of natural colonization and translocation in establishing or maintaining populations.
An additional complication when assessing the effectiveness of mitigation is the potential for post-development events to impact on populations. Particular problems for amphibians are the introduction of fish and invasive plants (e.g. Kats and Ferrer, 2003) , and the lack of management leading to advanced hydroseral succession. The generally poor level of monitoring means it is difficult to assess the incidence or severity of these factors. This is a key issue, as the value of mitigation schemes needs to be considered in the context of prevailing threats to newt populations. Indeed, just over half of the respondents to the present survey were of the view that the population would be ÔstableÕ in the absence of development, while over a third considered that the population would decline or go extinct even with mitigation. Whether development and mitigation influence the susceptibility of populations to these widespread threats needs to be investigated.
About 5000 great crested newt breeding ponds have been documented in England (Swan and Oldham, 1993; Baker, 2003) , although this may represent only 15-30% of the estimated total. The 345 mitigation projects that took place between 1990 and 2001 may therefore have affected some 7% of the known sites. Bearing in mind that other factors -such as lack of habitat management -may affect a high proportion of populations, the impact of mitigation on wider great crested newt conservation depends upon the context within which it is viewed. On the positive side, the fact that an increasing number of populations are being subject to mitigation means that efforts are being made to reduce and compensate for the impact of development on newts at an increasing proportion of known populations. On the negative side, even if a small degree of habitat loss is regarded as an acceptable compromise within many mitigation projects, a continuing exponential growth in the number of projects could lead to a significant overall loss of great crested newt habitat nationally. Whether or not it is possible to maintain Ôfavourable conservation statusÕ for the species -as required under the Conservation (Natural Habitats &c) Regulations 1994 -under such a scenario will only be determined by further long-term survey.
As pointed out by McLean et al. (1999) , European legislation for endangered species has been more effective at countering persecution and some types of direct exploitation than at dealing with the more pressing issues associated with changes in land use. This certainly appears to apply to great crested newt conservation in England. Indeed, under current UK and European legislation, the comprehensive preservation of biodiversity may be frustrated by the emphasis on one species over another, or the failure to address wider ecological issues (Harrop, 1999) . However, some of the issues arising from the present survey have been addressed within recent guidelines produced for great crested newt mitigation (English Nature, 2001 ). For example, the guidelines recommend that mitigation should strive to achieve no net loss of crested newt sites, and bearing in mind that not all newly created ponds may be colonized, in some cases installing twice as many ponds as the number lost may be appropriate. Likewise, there are more rigorous guidelines on the number of years of post-development monitoring that may be needed, based on the size and type of development impact and the population status of the newts present (English Nature, 2001) . These guidelines will be subject to a continuous process of revision as new research comes to light, and will hopefully result in mitigation projects that better integrate the legal and ecological requirements of the species.
